Introduction
============

Cirrhosis is the eighth leading cause of mortality in the United States \[[@gox010-B1]\] and is responsible for substantial annual direct and indirect costs exceeding \$13 billion combined \[[@gox010-B2]\]. A large percentage of these costs are related to ascites, a complication of cirrhosis and portal hypertension that represents the most common liver-related reason for hospitalization \[[@gox010-B3]\]. Ascites has been associated with increased morbidity and mortality, with liver transplant-free mortality rates ranging from 15--20% in 1 year to nearly 50--60% in 5 years from the time of first onset \[[@gox010-B4]\]. Given the poor outcomes associated with ascites related to cirrhosis, it is critical to determine the candidacy for liver-transplantation evaluation initially in a patient's assessment, as liver transplantation is the only curative option for cirrhosis and complications from portal hypertension. In addition, patients' liver disease may further progress and develop refractory ascites (intolerant or nonresponsive to diuretic therapy), hepatorenal physiology or hyponatremia. The aim of this review is to expand on the current understanding, evaluation and management of ascites as well as the more advanced states of refractory ascites and hyponatremia.

Ascites
=======

The pathophysiology of ascites
------------------------------

The development of increased intrahepatic resistance due to cirrhosis leads to a progressive increase in portal venous pressure. As the portal hypertension worsens, there is an increased local production of vasodilators, such as nitric oxide, due to endothelial activation and exposure to bacterial endotoxemia leading to splanchnic arterial vasodilation \[[@gox010-B7]\]. Compensatory mechanisms, such as antinatriuretic processes, sympathetic nervous system and renal vasoconstriction via the renin-angiotensin-aldosterone pathway, activate in order to maintain adequate effective arterial blood volume by increasing cardiac output as well as increasing overall plasma volume via renal sodium and fluid retention. However, as the liver disease progresses due to worsening portal hypertension and further vasodilation of the splanchnic arterial system, these compensatory mechanisms become ineffective and the effective arterial blood volume declines \[[@gox010-B10]\]. Additional sodium and fluid retention is attempted in order to maintain blood volume but, due to alterations in intestinal capillary pressure and permeability, as a net result of increased hydrostatic pressure and decreased oncotic pressure, free fluid accrues in the abdominal cavity \[[@gox010-B13]\]. Of patients with cirrhosis, 5--10% can present with a hepatic hydrothorax, ascitic fluid in the pleural space, presumed to be related to ascitic fluid translocating through diaphragmatic defects from the peritoneum to the pleural space \[[@gox010-B14]\].

Diagnosis, management and prognosis
-----------------------------------

Ascites can be assessed by proper physical examination as free fluid in the abdomen, although examination can be limited in the severely obese patient. Sonography can also easily assess for free fluid, either at the bedside or with a formal technician-performed ultrasound. Ascites is classified in three groups; in *Grade 1*, ascites fluid is detected only by ultrasound; in *Grade 2*, ascites is moderate with symmetrical distention of the abdomen; and, in *Grade 3*, ascites is large or tense, with marked abdominal distention. History and laboratory examination is critical to determine the etiology of the ascites, although over 90% of ascites cases are related to portal hypertension \[[@gox010-B15]\]. Diagnostic evaluation for cirrhosis and work-up of the ascitic fluid is important to perform at the time of first presentation as well as evaluating for possible complications such as spontaneous bacterial peritonitis (SBP) or renal failure. Diagnostic paracentesis is recommended by both the American Association for the Study of Liver Diseases (AASLD) and the European Association for the study of the Liver (EASL) at the time of first onset of ascites \[[@gox010-B16],[@gox010-B17]\]. Historical questions and laboratory studies to perform on a patient with new-onset ascites are listed in [**Table 1**](#gox010-T1){ref-type="table"}. Classically, the serum--ascites albumin gradient is greater than or equal to 1.1 g/dL in the setting of portal hypertension \[[@gox010-B17]\]. Table 1.The history/examination as well as diagnostic tests to work-up for patient with new-onset ascitesHistorical questionsPhysical examinationLaboratory, fluid and imaging studiesAlcohol consumption? Current?Vitals (blood pressure, heart rate)Complete blood count, prothrombin time/ international normalized ratioSodium and dietary intake?Jugular venous distensionElectrolyte and renal panelMedications? NSAIDs?Pulmonary examLiver function panel including albuminInfections?Cardiac exam (murmurs, irregular rate)Urinalysis, urine electrolytesRisk factors for viral hepatitis (blood transfusions, intravenous drug user, etc.)Abdominal exam (free fluid, organomegaly)Abdominal ultrasonographySkin exam (jaundice, spider angiomata, palmar erythema)Ascites fluid analysis (cell count with differential, fluid culture in blood culture bottles, albumin, total protein)Leg edemaMuscle wastingGynecomastia, testicular atrophy

Once the etiology of the ascites has been determined to be a result of cirrhosis, the patient should be quickly evaluated on their candidacy for liver-transplantation evaluation, as the development of ascites is associated with poor survival \[[@gox010-B16]\]. Appropriate candidates should be immediately referred to a local liver-transplantation center so that early evaluation can be initiated regardless of the Model for End-stage Liver Disease (MELD) score at the time of referral. In addition, all patients with ascites should be educated on proper restrictions on sodium and, if they have concomitant hypervolemic hyponatremia, appropriate fluid restriction, as it is very common for patients to fail on proper dietary restrictions. The AASLD and EASL guidelines recommend restricting daily sodium intake to 2--4.6 grams in order to minimize worsening of fluid retention \[[@gox010-B16],[@gox010-B17]\]. In addition, patients are advised to maintain an appropriate daily calorie intake of 25--40 kcal/kg and a protein intake of 1.2--1.5 g/kg, as ascites is a surrogate for protein-deficient malnourishment and always in the setting of hypoalbuminemia \[[@gox010-B18]\]. It is common for patients with large ascites to have early satiety as well as anorexia due to their liver condition and thus can further exacerbate their malnutrition state. Nutrition counseling with a dietician should always be considered.

Initiation of diuretics can be the first-line therapy to assist dietary restriction and promote an increase in volume removal. Guidelines recommend starting an aldosterone antagonist initially, often spironolactone, to assist with diuresis \[[@gox010-B16]\]. However, it is common to also use a loop diuretic in combination, usually furosemide, to enhance overall diuresis and lead to net fluid removal. Providers can evaluate for proper diuresis by testing the urine electrolytes to see whether the urine sodium has increased more than the urine potassium every 5--7 days. In addition, frequent weights can roughly determine proper diuresis, with both societies suggesting to aim for about 0.5 kilograms of fluid loss per day \[[@gox010-B21]\]. Serum electrolyte and renal function should be monitored in order to prevent over diuresis, electrolyte disturbances and possible pre-renal azotemia. Depending on the provider's preference, the starting dose of spironolactone and furosemide typically has a daily dose ratio of 100 milligrams to 40 milligrams. Dose titration can be performed after 5--7 days based on urine electrolyte results, serum electrolyte and renal function, as well as clinical benefit with weight loss. Failure to lose fluid should initiate further questioning on that patient's compliance with dietary restrictions with sodium, avoidance of alcohol, avoiding other medications such as non-steroidal anti-inflammatory drugs (NSAIDs) or the presence of an infection \[[@gox010-B16],[@gox010-B17]\].

If dose titration of diuretics is unsuccessful and other causes are excluded, patients with larger-volume ascites or tense ascites (grade 2 and 3 ascites) may need intervention with a large-volume paracentesis (LVP). Per the AASLD guidelines, if removing more than 5 liters of ascites fluid, patients should receive additional volume expansion with intravenous albumin (6--8 grams per liter drained) in order to reduce the risk of circulatory dysfunction syndrome \[[@gox010-B16],[@gox010-B22]\]. If the patient requires more than 2--3 LVPs in a month or cannot tolerate or respond to maximum dosed diuretics (160 mg/day of furosemide and 400 mg/day of spironolactone) with proper dietary compliance, then patients may have progressed to a more advanced stage of their liver disease, refractory ascites and thus, in some cases, may need to be assessed for transjugular intrahepatic portosystemic shunt placement (TIPS)---a placement of a nonsurgical shunt to immediately decompress portal hypertension, as either a bridge to liver transplantation or destination therapy \[[@gox010-B16]\]. We have attached a suggested algorithm for the management of ascites as shown in [**Figure 1**](#gox010-F1){ref-type="fig"}. Figure 1.An algorithm for the management of ascites and refractory ascites

The development of ascites, as mentioned previously, is associated with significant decline in morbidity and mortality. The 1-year mortality risk for patients with cirrhosis increases from 1--3% to 15--20% after the development of ascites and as high as 50% in 5 years \[[@gox010-B5],[@gox010-B25]\]. Liver transplantation is the only curative option to reverse the portal hypertension and remove the cirrhotic liver. In addition, increased mortality is often caused by infection, including SBP, pneumonia, urine infection or bloodstream infection, and any insult can quickly lead to acute renal dysfunction. There is growing evidence to consider TIPS to help treat select patients with ascites, regardless of transplant candidacy, as TIPS has been shown to be beneficial to decrease ascites volume, thus reducing the need for LVPs, decreasing the risk of SBP, and there is evidence for improved nutritional status and possible survival benefit \[[@gox010-B16],[@gox010-B17],[@gox010-B26]\]. In addition, patients who present with medically refractory hepatic hydrothorax should be considered for TIPS candidacy. If patients are deemed to not be TIPS candidates, serial LVPs with the appropriate dosing of intravenous albumin should be considered. If the patient is not a transplant candidate, consideration for destination TIPS or serial LVPs should be assessed as well as referral to palliative care services. Referral to palliative care for patients with advanced liver disease has been shown to objectively improve clinical and patient-reported outcomes and this service's role in both transplant and non-transplant settings will need to be further explored \[[@gox010-B27],[@gox010-B28]\]. Regardless, the development of ascites is a serious complication of advanced cirrhosis and portal hypertension, and reporting to the patient on their prognosis is critical.

SBP
---

Patients with ascites from cirrhosis can develop SBP, an acute infection of the ascitic fluid. Historically, it was reported that SBP occurred in 10--20% in patients admitted to the hospital with ascites; however, it is believed that this rate is lower now due to the incorporation of prophylaxis albeit the rate of antibiotic resistant organisms has increased \[[@gox010-B16],[@gox010-B29]\]. It is essential for patients with ascites, whether new-onset, asymptomatic or presenting with clinical changes such as hypotension or acute kidney injury including hepatorenal syndrome, to have a diagnostic paracentesis to exclude SBP. Peritonitis requires early diagnosis and initiation of treatment, as any delay in therapy has been association with poor outcomes, including risk for hepatorenal syndrome and death \[[@gox010-B30],[@gox010-B31]\]. SBP is a common reason for patients with cirrhosis, ascites and acute kidney injury (AKI) and can commonly lead to acute or chronic liver failure \[[@gox010-B32],[@gox010-B33]\]. The diagnosis of SBP is made by diagnostic paracentesis and the ascitic fluid cell count consists of an elevated absolute polymorphonuclear leukocyte count ≥250 cells/mm^3^. Cultures in blood culture bottles should also be sent in order to capture an offending organism and provide directed antibiotics. In patients with SBP, therapy should consist of antibiotics (i.e. Ceftriaxone 2 grams every 24 hours) plus albumin (1.5 g/kg at the diagnosis and 1 g/kg every 48 hours), as combination therapy has been found to prevent renal impairment in these patients, although some recent studies may agree that the most benefit of albumin is seen in those with more severe organ impairment \[[@gox010-B34],[@gox010-B35]\]. Specific recommendations for antibiotics can be reviewed on the AASLD or EASL Guidelines for Ascites and treatment of SBP \[[@gox010-B16],[@gox010-B17]\].

Refractory ascites
==================

The pathophysiology of refractory ascites
-----------------------------------------

As liver disease progresses and the effective arterial blood volume declines, compensatory mechanisms involving the sympathetic nervous system, antinatriuretic factors and renal vasoconstriction attempt to improve blood volume by increasing plasma volume and increasing overall sodium and fluid retention. After loss of oncotic pressure from hypoalbuminemia and development of ascites from the increased intestinal capillary leakage, patients eventually lose the ability to maintain effective arterial blood volume. This, with time, leads to severe fluid retention from impaired renal solute-free water excretion and renal vasoconstriction \[[@gox010-B36]\]. These consequences from progressive liver disease lead to serious complications related to ascites, hypervolemic hyponatremia, refractory ascites or hepatorenal physiology. Hepatorenal syndrome will be addressed in more detail in another review. Refractory ascites refers to the inability to respond to medical and dietary management (whether intolerant or unresponsive to diuretics) or rapid reaccumulation of ascites after LVP \[[@gox010-B37],[@gox010-B38]\]. Refractory ascites occurs in patients who have severe sodium and fluid retention and have lost their compensatory pathways, including inadequate cardiac output and inability to maintain appropriate effective arterial blood volume. Fortunately, refractory ascites only occurs in 10% of patients with cirrhosis and ascites \[[@gox010-B37],[@gox010-B39],[@gox010-B40]\].

Diagnosis, management and prognosis
-----------------------------------

As per the AASLD and EASL guidelines, refractory ascites is defined as ascites that is unresponsive to the appropriate sodium-restricted diet and high-dose diuretics (160 milligrams of daily furosemide and 400 milligrams of daily spironolactone). In addition, patients meet criteria if they have rapid reaccumulation of ascites after therapeutic paracentesis. Failure of diuretic therapy is defined as the inability to maintain adequate urinary sodium excretion (\<78 mmol per day) or complications of diuretics including hepatic encephalopathy, renal failure or hyponatremia \[[@gox010-B16],[@gox010-B17]\]. Therefore, assessment for dietary and medication compliance, alcohol abstinence and presence of infection needs to be performed prior to the diagnosis of refractory ascites. Refractory ascites is a clinical manifestation associated with higher short-term mortality rates and timely evaluation for liver transplantation and/or TIPS should be performed \[[@gox010-B16],[@gox010-B41],[@gox010-B42]\]. Liver transplantation remains the only curative option, but therapeutic options include use of maintenance midodrine therapy to help increase arterial blood pressure, serial LVPs with albumin or TIPS placement \[[@gox010-B16],[@gox010-B43]\]. Initial control of refractory ascites is performed with serial LVPs every 2--4 weeks with intravenous albumin and can be performed in the outpatient setting. However, effects are short-lived, with most having early recurrence of ascites. Peritoneovenous shunts are available, but their use has declined in favor of TIPS due to associated complications related to the shunt \[[@gox010-B40],[@gox010-B44]\]. Among older cohorts and trials that investigated the efficacy of TIPS in comparison to LVP and albumin, TIPS was associated with improved control of ascites; however, these analyses did not find patients with TIPS to have improved survival and had increased rates of hepatic encephalopathy \[[@gox010-B41],[@gox010-B42],[@gox010-B45]\]. Researchers felt the lack of survival benefit may have been related to the use of uncovered stents. Therefore, a more recent cohort of patients using only polytetrafluoroethylene-covered stents revealed that TIPS was a significantly more effective treatment option in appropriately selected patients, including improved transplant-free survival as well as ascites control without major detriment from hepatic encephalopathy \[[@gox010-B26]\]. In addition, the discontinuation of beta blockers for this patient population remains controversial and we would recommend that decisions to be performed on a case-by-case basis at this time \[[@gox010-B16]\]. We have attached our suggested treatment algorithm in [**Figure 1**](#gox010-F1){ref-type="fig"}.

The prognosis of refractory ascites is very grim and thus expedited referral to a liver-transplantation center is critical for appropriate transplant candidates. Patients with refractory ascites have an increased risk for infection, especially SBP, as well as risk for further liver decompensation such as hepatic encephalopathy, variceal hemorrhage and risk of developing hepatorenal syndrome. The probability of developing refractory ascites is around 11% in 5 years. Patients with refractory ascites carry a 1-year mortality rate of near 70% and over 50% can lead to hepatorenal syndrome \[[@gox010-B40]\]. More prospective studies are needed to further elucidate the optimal treatment strategies for patients with refractory ascites.

Hyponatremia
============

The pathophysiology of hyponatremia
-----------------------------------

Hyponatremia in cirrhosis is defined as a serum sodium \<130 mEq/L. This complication is another consequence of advanced portal hypertension, extreme sodium and free water retention, as well as the loss of compensatory mechanisms to maintain effective arterial blood volume, as discussed earlier in the review. More than half of hospitalized patients with ascites present with hyponatremia \[[@gox010-B51]\]. Hypovolemic hyponatremia refers to fluid losses from the kidney (iatrogenic overdiuresis) or from the gastrointestinal tract (diarrhea, particularly from lactulose). Serum sodium levels usually improve after resolution of the etiology and replacement of their plasma volume usually with fluid replacement. However, hypervolemic hyponatremia is more commonly seen in cirrhosis and relates to inappropriate impaired renal excretion of solute-free water in the setting of severe sodium and water retention \[[@gox010-B52]\]. In this setting, the antinatriuretic pathway involves the over-secretion of arginine vasopressin (AVP) that enhances the function of the vasopressin 2 (V2) receptors within the renal distal collecting tubules and inhibits solute-free water excretion \[[@gox010-B55]\]. In the setting of increased AVP production as well as lack of clearance of AVP due to cirrhosis, V2 is excessively bound by the AVP, triggering further free water retention in the renal tubules by forming more aquaporin-2 channels to retain more water \[[@gox010-B56],[@gox010-B57]\]. Therefore, patients cannot remove enough water and this results in worsening serum dilution and hypo-osmolality \[[@gox010-B17],[@gox010-B56]\].

Diagnosis, management and prognosis
-----------------------------------

Diagnosis of hyponatremia in cirrhosis is simply based on laboratory work showing a decreased serum sodium level of under 130 mEq/L. If evidence of dehydration or pre-renal azotemia, treatment of the underlying cause and repletion of volume will improve hypovolemic hyponatremia \[[@gox010-B55]\]. However, in the setting of volume overload, hypervolemic hyponatremia is much more difficult for patients to tolerate and to reverse. The mainstay of therapy consists of water restriction and increasing the renal excretion of free water \[[@gox010-B17]\]. Dietary restriction of fluids to 1.5 liters daily is recommended, especially when the serum sodium is less than 130 mEq/L but patient compliance is poor and likelihood of response is low. Diuretic dose adjustments or even discontinuation may be required. Alternatively, increasing the effective arterial blood volume with intravenous albumin with or without vasoconstrictors, such as midodrine, shows promise in nonrandomized studies \[[@gox010-B58],[@gox010-B59]\]. However, these therapies require further investigation prior to incorporation into practice. A promising therapeutic option for hyponatremia is to consider the use of a class of drugs called the 'vaptans', specific V2-receptor antagonists, that induce release of solute-free water into the urine and correct the hyponatremia in the setting of cirrhosis \[[@gox010-B60]\]. These drugs are very effective, correcting serum sodium levels in 45--82% of patients \[[@gox010-B17]\]. Thirst is a particular side effect to be wary of as well as concerns for dehydration, renal injury and overcorrection of sodium. However, the duration of response is short and reverts back to baseline hyponatremia after drug discontinuation. In addition, trials involving the vaptans did not demonstrate improvement in survival compared to the placebo arms \[[@gox010-B66],[@gox010-B67]\]. Therefore, most experts will suggest using vaptans for short periods of time, such as candidates who are hospitalized awaiting their liver transplant and need their hyponatremia corrected prior to surgery in the setting of severe hyponatremia (\<125 mEq/L) \[[@gox010-B17]\].

Hyponatremia can occur in up to 50% of patients with cirrhosis and ascites, and even up to 10--20% of patients with more advanced hyponatremia (sodium serum ≤125 mEq/L). The presence of hyponatremia has been associated with increased morbidity and mortality independently of other prognosticators and has been recently added to the MELD score (Sodium-MELD) for liver donor allocation in the United States \[[@gox010-B54],[@gox010-B68]\]. For each drop in unit of sodium below 135 mEq/L, the mortality risk increases by over 10% for patients listed for liver transplant \[[@gox010-B71]\]. In addition, the presence of hyponatremia and its management are poorly tolerated and related to significant decline in quality of life as well as linked to worsening hepatic encephalopathy and increased neurological complications during and after liver-transplantation surgery, such as osmotic demyelination \[[@gox010-B71]\]. Most transplant centers will require correction of a patient's hyponatremia prior to surgery, but this issue remains in debate and is not standardized across all programs. Our suggested algorithm for treatment of hyponatremia is provided in [**Figure 2**](#gox010-F2){ref-type="fig"}. Figure 2.An algorithm for the management of hyponatremia

Future directions
=================

Ascites and the clinical manifestations from worsening splanchnic arterial vasodilation and decreased effective arterial blood volume related to severe portal hypertension, including refractory ascites and hyponatremia, remain ominous conditions for patients with advanced cirrhosis and carry high short-term mortality rates as well as poor quality of life. As access to liver transplantation continues to decrease due to shortage of acceptable organs, strategies to effectively manage these patients in order to bridge them successfully to liver transplantation is critical and current therapies remain suboptimal and poorly tolerated. Developments of new drugs or interventions that can successfully act on the splanchnic arterial vasodilation or improve the effective arterial blood volume depletion are potential targets for further research in order to increase our knowledge and enhance clinical practice.

Further exploration into agents that successfully expand the effective arterial blood volume, such as albumin or another colloid agent, as well as increasing vasoconstriction with an agent, such as midodrine, demands high-quality, randomized--controlled trials. The small amount of existing data in the use of midodrine (and in other countries, terlipressin) have demonstrated improved renal function, increased urinary sodium excretion and decreased levels of vasodilatory and antinatriuretic systems in those with ascites \[[@gox010-B76]\]. One clinical study showed that oral midodrine in combination with dietary sodium restriction and oral diuretics had significantly improved ascites control and survival at 3 months compared to those without midodrine \[[@gox010-B43]\]. Terlipressin, a vasopressin analogue commonly used outside the United States for variceal hemorrhage and hepatorenal syndrome, has also been studied in ascites but these data are limited and the drug is currently not available in the United States. \[[@gox010-B77],[@gox010-B78]\]. Further exploration on these agents as well as newer drugs in the pipeline that can ameliorate the systemic vasodilatory state and reduce the activation of the sympathetic nervous and renin-angiotensin-aldosterone systems are required in order to create enhanced treatment strategies for the management of ascites.

Another class of drugs, the 'vaptans', also provides a promising therapeutic option. Although these agents were mainly studied on patients with cirrhosis and hyponatremia, there are a few trials that investigated their use for ascites and refractory ascites. One vaptan, satavaptan, was used for the treatment of ascites but the results failed to show any benefit in ascites control and even was found to have increased mortality risk, leading to market removal \[[@gox010-B79],[@gox010-B80]\]. In addition, tolvaptan, studied in refractory ascites, has been approved by the US Food and Drug Administration (FDA) for use in hyponatremia, but was found to have a high rate of hepatic toxicity (23%) and was assigned a black-box warning by the FDA for the drug's use in patients with liver disease \[[@gox010-B81]\]. Further investigation and drug development in order to find efficacious targets that can safely reverse the pathophysiological mechanisms in cirrhotics' severe sodium and water retention remain in great demand.

An automated low-flow pump system (Alfapump system) was recently introduced for the treatment of refractory ascites. It is a subcutaneous battery-operated pump that was designed to move ascites from peritoneum to the urinary bladder, where it is eliminated spontaneously through diuresis. Although designed as a symptomatic treatment for refractory ascites, it does not correct the underlying cause of the ascites that could help improve the pathogenic mechanisms that lead to the formation of ascites. Data are limited to small studies and, although the pump is effective in removing ascites in most patients, there are no differences in survival when compared to LVP and side effects are more common.

In addition, further exploration into pre-emptive TIPS or other timing strategies with portal decompression need future investigation in order to understand the reversibility of complications related to clinically significant portal hypertension as well as improving our selection of patients who receive more benefit instead of harm by enhanced risk stratification. Knowledge gaps definitely remain in the field and future investment as well as collaboration and coordination of experts are necessary in order to further advance our understanding of advanced liver disease and its complications.

Conclusions
===========

Ascites remains the most common reason for hospitalization for patients with advanced cirrhosis and simply the initial presentation of ascites is associated with significant survival decline. In addition, ascites is responsible for significant healthcare spending, associated with poor quality of life, and opens a door to the 'slippery slope' of developing even further stages of decompensation with SBP, refractory ascites, hepatorenal syndrome, hyponatremia and eventually leading to death. Our understanding on the pathophysiology of ascites formation and the hemodynamic changes in the systemic and splanchnic vascular systems has dramatically matured over the last 40 years, but the field still demands more for further investigation and investment in order to translate our comprehension into improved outcomes. The presence of ascites still carries a poor prognosis without liver transplantation and, with access to liver transplantation becoming more difficult due to a decline in donor organs in the United States, the demand to improve our therapeutic options for ascites and other complications of portal hypertension has become essential.

We have learned that the development of a decreased effective arterial blood volume due to worsening splanchnic arterial vasodilation related to the local production of vasodilators (nitric oxide, endotoxins) is the basis of ascites formation and other cirrhotic complications. As research continues to investigate for new targets that are involved in these pathways, our field will hopefully make more strides in creating new effective agents. In addition, research networks and specialized coordination among institutions and societies, such as AASLD and EASL, will need to continue to build and collaborate together to develop new high-quality studies that can effectively investigate clinical questions as well as translate those results to bench and back again to the bedside.

Without liver transplant, there is no current cure for patients with advanced cirrhosis and ascites, and therefore timely referral to a liver-transplant center for evaluation is critical while potential strategies to help with portal decompression such as TIPS used in the correct population of patients may provide a bridge to transplant as well as destination therapy. Meanwhile, dietary sodium restriction is imperative to successfully remove volume while using a combination of diuretics in the majority of patients with ascites. Taking a good history is also important in order to look for any issues with patient compliance, ingestion of offending medications or consumption of alcohol. In advanced cases, such as refractory ascites, serial LVP with albumin and, in some patients, TIPS placement may need to be considered. In the presence of hypervolemic hyponatremia, patients are requested to restrict their sodium and fluid intake but tolerance due to excessive thirst limits this recommendation's effectiveness. Additional services to help improve the decreased quality of care of these patients may open the door for opportunities to work with other healthcare models, such as a palliative care service, that may provide further patient benefit and incorporation of these care models should be further explored \[[@gox010-B85]\]. Ascites is a large healthcare cost burden and healthcare spending will continue to increase dramatically as cases related to non-alcoholic steatohepatitis and untreated viral hepatitis substantially grow in number. Newer strategies are needed to provide more effective treatment for ascites and its complications, as well as more sophisticated outpatient care models in order to improve clinical outcomes while reducing healthcare spending.
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